The unequilibrated hypersthene chondrite Yamato-74191 was studied mass spectrometrically for rare gases released at various temperatures. Cosmogenic gases dominate in He and Ne. The meteorite contains large amounts of trapped Ar, Kr and Xe, and radiogenic 40 Ar and 129 Xe. Cosmic-ray irradiation and K-Ar ages were determined.
Introduction
The unequilibrated hypersthene chondrite Yamato-74191 contains large amounts of trapped Ar, Kr and Xe, and the isotopic ratio of Kr in this chondrite shows large excesses of 80 Kr and 82 Kr relative to AVCC-Kr [1] . The ratio of excessive 80 Kr to 82 Kr was found to be 2.7, and these excesses were attributed to products of epithermal neutron capture on Br [2] . The isotopic composition of Xe was identical with the AVCC-Xe composition, except for small excesses of 128 Xe and 126 Xe. The 128 Xe excesses were also attributed to neutron capture on I, but the origin of the 12C Xe excess was not clear in our previous work [2] .
One of the neutron sources in meteorites is cosmic-ray irradiation, which produces high-energy secondary neutrons. Excesses of Kr and Xe isotopes which originate from neutron capture on Br, Se and I in meteorites have been reported previously [3 -5] . Since the total intensity and the energy distribution of neutrons in the meteorite depend on the duration of cosmic-ray irradiation and the moderation depth of neutrons in the meteorite, the determination of neutron-capture effects on rare gas isotopes can give a constraint on models for cosmicray irradiation history and information about the preatmospheric size of the meteorite.
In this paper we report on results of rare gas measurements and conspicuous neutron-capture effects on Kr and Xe isotopes in the Yamato-74191 chondrite.
Experimental Techniques and Results
The meteorite was crushed in a stainless-steel mortar and a grain size fraction finer than 147 jim (100 mesh) was used for the measurements. The sample, weighing 0.427 g, was wrapped with thin aluminium foil (27.5 mg in weight) and degassed at about 80 °C for a night in the side arm of a sample holder of the extraction line. After a blank run, the sample was dropped into a thoroughly degassed molybdenum crucible and heated at successively higher temperatures of 700, 900, 1100, 1300, 1500 and 1750 °C. Each temperature was kept constant for 25 minutes, and the evolved gases were analysed with a high-sensitivity mass spectrometer. Details of the instrument and rare gas analysis techniques have been given elsewhere [2, 6] .
The concentrations and isotopic compositions of the rare gases are given in Table 1 . Blank correc-0340-4811 / 80 / 0100-0029 $ 01.00/0. -Please order a reprint rather than making your own copy. 132 Xe release which has a peak at 1300 °C, similar to trapped 84 Kr. The significant degassing of neutron-produced 80 Kr at 700 °C may be due to poor retentivity of rare gases in Br-bearing minerals.
Discussion

Cosmic-ray irradiation and K-Ar ages
A cosmic-ray irradiation age was calculated
where N[ and P\ are the concentration and produc- [9] are shown in parentheses. e For the calculation of the K-Ar age, the decay constants V =4.96 x 10-10 /y and V + = 0.581 X 10-10 /y were used. The production rates given by Herzog and Anders [7] were used for cosmogenic 3 He and 21 Ne. The production rate of cosmogenic 38 Ar was calculated using the empirical production ratio of cosmogenic 21 Ne and 38 Ar given by Stauffer [8] and the 21 Ne production rate employed above. The production rates of cosmogenic 21 Ne and 38 Ar given by Bogard and Cressy [9] were also calculated with the bulk chemical composition of Yamato-74191 meteorite, listed in Table 3 , and the results are given in Table 2 . The recalculated results of our previous measurements are given in Table 2 . The agreement is good between the 21 Ne ages calculated with both production rates mentioned. However, there is a difference between the present result and the pre- vious one. This is due to the difference in the concentration of cosmogenic 21 Ne. The reason why the fine grained sample used in this work contains greater amounts of cosmogenic nuclides than the coarse grained sample used in the previous work is not obvious. The difference in the rare gas concentration between them is beyond experimental error. One possibility is chemical inhomogeneity resulting from the grain size separation of the crushed sample. A Avide variation of chemical composition has been reported for this meteorite [10] . Enrichments of alkali and alkaline-earth elements could produce higher concentrations of cosmogenic Ne and Ar. Enrichments of minor elements such as K and Br in the fine grains are suggested by higher concentrations of radiogenic 40 Ar and the neutronproduced Kr isotopes in the present sample.
The K-Ar age was calculated from the radiogenic 40 Ar given in Table 2 and the potassium concentration given in Table 3 . No correction Avas made for cosmogenic and trapped components to determine the amount of radiogenic 40 Ar. The K-Ar age obtained for Yamato-74191 is typical for hvpersthene chondrites and shows that this meteorite did not suffer recent metamorphism.
Neutron-capture effects on rare gas isotopes
As given in Table 1 Figure 3 . Figure 3 shows clearly that the 128 Xe-excess found in the Yamato-74191 chondrite was produced by neutron capture on I.
A neutron source pertinent to the present excesses of rare gas isotopes are cosmic-ray secondaries. Cosmic-ray produced neutrons have their mean energy around 4 MeV and are moderated by elastic collisions with atoms of chondritic constituents. Based on the 80 Kr-excess to 82 Kr-excess ratio, epithermal neutron reactions are considered to have dominated in this meteorite. HoAvever, the actual neutron energy was not confined in a narrow range but distributed from thermal to several times ten MeV because of the moderation of cosmic-ray secondary neutrons. Energetic neutrons could induce an (n, 2 n) reaction on 127 I, which would produce 126 Xe. A threshold for this reaction is 9.2 MeV. found in stone meteorites. The effect of fissiogenic contributions to 132 Xe is to displace the observed point along the line passing through it and the origin. Judging from the isotopic composition determined, the fissiogenic contribution is negligible for 132 Xe. The production of 126 Xe by the 127 I(n, 2 n ß) 126 Xe reaction could give an answer to the 126 Xe excess in this meteorite. The occurence of 126 Xe excess produced by this reaction shows a contribution from high-energy cascade neutrons in the meteorite. No excess of 134 Xe, as shown in Table 1 , suggests that the neutron energy in this meteorite was relatively high because thermal neutron capture on U would give a high fission yield at this isotope. Table 4 presents the observed amounts of neutron-produced isotopes, theoretical production estimates and the neutron slowing-down density for the Yamato-74191 chondrite. Information for the neutron absorption cross sections of CI, Br and I, and the neutron mean free path in chondrites were taken from Marti et al. [4] . The concentrations of CI and Br are given in Table 3 . Since no data on the iodine content in Yamato-74191 were available, we calculated from the 128 I/ 127 I ratio at the beginning of radiogenic 129 Xe retention by iodine-bearing minerals. The ratio is around 1 x 10~4 in many meteorites [11] . With it the radiogenic 129 Xe determined gives an iodine content of 170 ppb, which falls in a typical range of iodine contents for hypersthene chondrites [12] . The theoretical production of 128 Xe given in Table 4 was calculated for the epithermal neutron capture on I of this content. 
Preatmospheric size and cosmic-ray irradiation history
Neutron moderation in meteorites depends on the shielding depth at the meteorite surface and its chemical composition. As discussed earlier, the 80 Kr and 82 Kr-excesses and the 128 Xe-excess were produc ed by epithermal neutron capture on Br and I respectively. According to Eberhardt et al. [13] neutrons with a mean energy of 3.7 MeV are moder ated by elastic collision with atoms in chondrites The reduction of the neutron energy from E0 to E corresponds to a Fermi age of the neutron In our case E0 = 3.7 MeV and E = 165 eV, the mean of 30 to 300 eV. £ is the average logarithmic energy decrement per collision, ^tot the macroscopic total cross section, and the macroscopic transport cross section. For chondritic composition, | ^tot = 0.0354 cm-1 and 2"tr = 0.339 cnf 1 [13] . With these numerical values we find x = 280 cm 2 .
The slowing-down density q in a chondrite may be calculated by [14] have reported a high saturation activity of 53 Mn in Yamato-74191 relative to the average value of other meteorites. They assigned this apparently high value to an underestimation of the rare gas cosmic-ray irradiation age. The underestimation of the irradiation age could be caused by an erroneous estimation of various effects on the production rate such as the target chemical composition and shielding depth, and by a complex irradiation history of the meteorite. However, a recalculation using the newly determined 21 Ne age and the 53 Mn content in Yamato-74191 reduces the saturation activity of 53 Mn to 571 dpm/kg Fe. This value is equal to the theoretical content of 53 Mn estimated for a spherical meteorite of 30 cm preatmospheric radius, as determined by Nishiizumi et al. [14] . The preatmospheric radius of 30 cm is in a good agreement with our minimum radius for this meteorite. The Yamato-74191 meteorite was apparrently not so small in space as is supposed from the recovered mass.
The 22 Ne/ 21 Ne ratio of cosmogenic Ne in Yamato-74191 is 1.14, a high value suggesting irradiation at shallow depth. However, Smith, and Huneke [15] have showed that cosmic-ray produced Ne in Narich oligoclase feldspar can be characterized by a 22 Ne/ 21 Ne ratio as high as 1.50. They give a high cosmogenic 22 Ne/ 21 Ne production ratio in Na of 2.9 and assign it to indirect production of 22 Ne from 23 Na via 22 Na. Low energy protons take part in this production. Cosmic-ray irradiation of Si and S also produces a higher 22 Ne/ 21 Ne ratio than 1.2 [16] . Since the 21 Ne production rate in Na is larger than those in Si and S, a variation of Na concentration could more sensitively affect the 22 Ne/ 21 Ne ratio in the meteorite. From the 22 Ne/ 21 Ne ratio, the Ne found at 700 °C and 900 °C is regarded to contain the cosmogenic component from Na, while Ne at 1500 °C consists mostly of the cosmogenic component from Mg and Fe because of the low 22 Ne/ 21 Ne ratio and the high release temperature. The bulk composition of Na is 0.72 per cent as given in Table 3 . However, the Na concentration has been revealed to be variable from 10 per cent in glass to 0.02 per cent in chondrules from Yamato-74191 [10] . The enrichment of 22 Ne could be enhanced by cosmic-ray secondary neutrons through 23 Na(rc, 2 rc) 22 Na (<?=-12.4 MeV) and 25 Mg(n, a) 22 Ne (Q= +0.48 MeV). The latter reaction that is an exothermic process is unique in that neutrons with lower energy than one MeV could produce 22 Ne. Therefore a high 22 Ne/ 21 Ne ratio is not necessarily incompatible with a large preatmospheric size of Yamato-74191 chondrite. 126 Xe reaction ((?=-9.2MeV) by high-energy neutrons.
(3) With neutron-produced 80 Kr, the neutron slowing-down density was estimated to be 0.14 + 0.03 using the method of Eberhardt et al. [13] . A minimum mass and preatmospheric radius were estimated as 470 kg and 32 cm, respectively. The preatmospheric radius estimated here is in good agreement with that found with the 53 Mn saturation activity. Apparently the Yamato-74191 chondrite was not so small in space as supposed by the recovered mass.
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